This trend arguably took off in March 2014 when Facebook announced a deal to buy the VR company Oculus for $2 billion, which had been launched as a Kickstarter project just 18 months earlier.
After the Facebook deal, other investors followed suit and competitors like Google and Sony doubled their efforts, with Sony enjoying the advantage that owners of its PlayStation consoles already have a device that is suitable for VR use.
Oculus VR productions can now be viewed not only on the Oculus Rift goggles but also on smartphones that slot into specialised headsets. While previous versions of VR depended on very expensive special equipment, the technology is now available to everybody who has access to a stateof-the-art smartphone. In the most recent development, in May 2017, the UK-based start-up company Improbable secured half a billion US dollars in investment from a Japanese bank for its project to develop large-scale virtual worlds in the style of the movie The Matrix.
A collateral benefi t of these astonishing developments is that large numbers of scientists gain access to visualisation tools that nobody would have thought to develop for scientifi c purposes alone. Across the life sciences, there are many ways in which these new technologies can become useful for research.
Monitoring minds
For anybody studying the mind and behaviour of humans or other animals, VR offers the opportunity to establish an environment that can be realistic enough to trigger the same behavioural and neurological responses as the real-world equivalent, but which experimenters can control and manipulate at will, as Corey J. Bohil from the University of Central Florida at Orlando, USA, and colleagues have outlined in an early review of this emerging fi eld (Nat. Rev. Neurosci. (2011) 12, 752-762) .
For instance, if researchers are studying navigation, regardless of whether the subjects are humans, rodents or ants, they can readily manipulate the virtual environment, e.g. by moving landmarks. Established animal models of cognition, such as the water labyrinth for rodents, can be recreated in VR for human subjects, making direct comparisons possible.
For human neuroscience, the technology has the advantage that it can
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Exploring virtual worlds
Advances in virtual reality technology offer new opportunities for a range of applications in the life sciences. In neuroscience, psychology and ethology, the ability to create environments that are both realistic enough and easy to control facilitates both experimental research and therapeutic approaches. In ecology and conservation, the technology enables large audiences to experience environments that are only accessible to cameras, or that would be vulnerable if visited by too many.
Michael Gross reports.
Immersive experience: Virtual reality is popular at technology fairs, museums, and among gamers, but it can also do useful work across the life sciences. (Photo: www.justraveling.com).
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Finally, the combination of MRI and VR enables researchers to investigate mechanisms underlying the positive effects of VR in therapy, which have been described in several areas.
Therapies
VR devices are also establishing themselves as valuable tools in therapies for a range of psychological and psychiatric problems. One idea that has already been tested and applied by many teams is its use for the treatment of disorders like anxiety, phobias and paranoia.
The established treatment is to gently expose a patient to the conditions that they erroneously perceive as a major threat, so they can unlearn their inappropriate fears and let go of their ingrained avoidance behaviour.
However, in many severe cases, the aversion may be too strong to be manageable, and a suitable gradual approach easing the patient into the problematic situation may not be available. In such cases, the use of a VR reproduction of the situation can help, as the immersive experience feels real enough to trigger the patient's problematic fears, yet can be easily adjusted to a level where they can tolerate the situation and adapt to it.
Thus, the group of Daniel Freeman at the University of Oxford, UK, has recently demonstrated the use of this approach for the treatment of patients with paranoia (persecutory delusions). In a placebo-controlled experiment, both groups of patients were exposed to VR environments for 30 minutes, but only one received cognitive therapy through VR (Brit. J. Psych. (2017) http://dx.doi. org/10.1192/bjp.bp.115.176438). The therapy consisted of gradually simulating social situations of the kind that created fears. For instance, the researchers created the illusion of a crowded metro carriage, where they were able to increase the density of people as required.
The researchers found that they obtained the best results, namely a signifi cant reduction in paranoid delusions, when the treatment included discouraging patients from their established safety behaviours. This is consistent with current theories stating that these safety behaviours tend to reinforce the fear, as the patients convince themselves that they only stayed safe because they applied these measures. Similar approaches have also been applied to a range of phobias, from fear of fl ying to arachnophobia, as well as to post-traumatic stress disorder (PTSD).
Trials have also shown promising results for the use of VR in patients with dementia, as the illusion of being in a soothing environment, such as on a beach or in a forest, can help to treat problematic mood changes that often occur in dementia. It has been reported that positive effects persist for hours after the experience. Moreover, the charity Alzheimer's Research UK distributes a VR app that enables healthy people to better understand what life is like for patients with dementia (http://www. awalkthroughdementia.org/), which could be a helpful tool to educate both carers and relatives of those affl icted by the condition.
Another medical application of VR that has already been widely researched and applied is in analgesia. While part of the pain relief observed is simply due to the powerful distraction, there are also a few more interesting effects to be studied, such as the relief of burn wounds from the illusion of entering a cold environment and the treatment of phantom pain in amputees.
Missing limbs are also in the focus of research linking VR to medical prosthetics. With a little help from VR tools developed by Madelynne Arden and colleagues at Sheffi eld Hallam University, be used in combination with advanced imaging technologies, such as magnetic resonance imaging (MRI). After initial diffi culties, special VR equipment for use inside standard MRI scanners has been developed and is now widely available. Thus, VR can help to analyse brain responses to a broad range of experiences that would not normally be accessible with the constraints of imaging.
In social neuroscience, several participants, each within their own scanner, can share a virtual space and engage in social interactions, which again opens up opportunities for experiments and analyses that would not be possible otherwise, including the detailed MRI-based analysis of economic transactions.
VR also allows psychologists to recreate and analyse in detail experiments that would today be considered unethical if carried out for real. In 2006, for instance, Mel Slater from University College London and colleagues replicated in VR the notorious Milgram obedience experiment dating from 1963 (PLoS One (2006) 1, e39) . They found that, even though the participants were aware that the victims of their actions were only virtual avatars, they tended to respond as if they were real, which, the authors argue, validates the use of such virtual experiments to stand in for real ones. UK, amputated patients can more readily learn to use their new prosthetic limbs. In individual cases, it has already been demonstrated that electronically controlled movements can be guided by thoughts. In the future, VR will likely be used to train patients to optimise the mental control of such prosthetic devices.
Even the use of our natural limbs may have to be re-learned, especially when patients have lost control of their movements after a stroke. Rehabilitation in such situations is also a prime example of medical applications of VR, as realistic experiences can be gradually and safely introduced and adapted as patients' abilities improve.
Not only patients, but also medical professionals can learn new skills with the help of VR. Realistic simulations of interventions can assist the training of surgeons and dentists, for instance. Moreover, the 'fantastic voyage' to see a body from the inside and travel along its blood vessels can at last be experienced with a convincing level of immersion. This kind of application can be used both in professional training and in education, as well as in entertainment.
Armchair travel
Being able to travel where no human could or should go, all without leaving one's armchair, is an opportunity for other branches of the life sciences as well, from astrobiology to zoology.
Immersive experiences available from VR companies like Oculus include travel to the International Space Station, to the Moon on board Apollo 11, and to Mars. Exploring places where cameras are in operation, but humans could only travel with great diffi culty, is becoming much easier and even accessible to a wide audience. Human explorers may not reach Mars within the next 20 years, if ever, and may never experience the moons and rings of Saturn from nearby, but thanks to the large amounts of data gathered by robotic spacecraft over the last decades feeding into realistic VR simulations, the second-best option to experience these worlds is now readily accessible. Conceivably, the illusion of being there may even help astrobiologists to better understand what opportunities and limitations extraterrestrial life may have faced in environments like a younger, wetter planet Mars (Curr. Biol. (2014) 24, R175-R178).
Similar considerations also apply down here on Earth. To promote conservation, climate change awareness and a more sustainable economy, we would want as many people as possible to experience the wonders of the remaining natural environments, from the Arctic to the Amazonian rainforests. However, mass travel to these places would destroy what we would want to preserve, so virtual alternatives are very welcome.
For this reason, Greenpeace UK has recently launched a VR smartphone app called Virtual Explorer, providing immersive experiences of endangered environments like the Arctic and the Amazon. For a donation, the organisation mails out a bespoke cardboard headset their very existence. Similar arguments hold for archaeological sites such as the pyramids or painted caves such as Lascaux, which was seriously damaged by the millions of visitors that came before it had to be closed. Based on this experience, the more recently discovered Chauvet cave in the Ardeche gorge, southern France, was recreated as a real-world replica, possibly the last hurrah for a kind of representation that is bound to be made redundant by the rapidly improving virtual experiences.
Elsewhere, virtual travellers can also explore the deep sea and climb Mount Everest, swim with sharks or dolphins, dive under the sea ice or hang out with lions. Cameras carried by drones (Curr. Biol. (2014) 24, R629-R632) or mounted to wild animals are now widely used in ecology and conservation (Curr. Biol. (2015) 25, R585-R588). In combination with VR technology, these devices could also enable users to fl y with migrating birds or immerse themselves into insect states.
The opportunities for education and raising awareness are endless. We just have to bear in mind that we are aiming to use the virtual world to save the natural one -not to replace it, lest we really do end up living in The Matrix.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk that accommodates smartphones to provide the full immersive experience.
The fi rst VR fi lm on the Greenpeace app is based on material fi lmed by a Rainbow Warrior crew in the Arctic, complete with close-up encounters with polar bears. It is meant to raise awareness of the organisation's work to protect the area's natural environment that is now under particular threat as the disappearing sea ice offers new opportunities for shipping and for resource extraction (Curr. Biol. (2012) 22, R547-R550) . "Through the Greenpeace Virtual Explorer app we want our supporters to experience amazing places like the Amazon and Arctic, to see fi rst-hand exactly what it is we're campaigning to protect -and how important it is we succeed," the organisation said on its website.
In a follow-up fi lm project to be distributed via the app, director Chris Milk is telling the story of the resistance against the Munduruku hydroelectric dam project in the Tapájos basin in Brazil (Curr. Biol. (2016) 26, R779-R782) from the perspective of the Munduruku people, who are in danger of losing the land they depend on for their livelihoods.
Other indigenous populations are also opening their homes for virtual visitors, including yak herders in Central Asia and Maasai in Africa. Thus, many people can share experiences that they could not access in person without endangering You grew up in a land-locked country, why did you study marine sciences? My reasons were practical: I wanted to study an applied discipline so that I could work and contribute to a -yet unidentifi ed -developing country, to which I would eventually emigrate. To a biracial person -that's me! -Europe, in the 1970s, was as unwelcoming as it is now, and I wanted to get out. I began studying agronomy at Kiel University in Germany, because agriculture is important in developing countries, but after one semester of daily confrontations with old Nazis -they were still around in 1969 -I found refuge in the Institute of Marine Sciences. Strangely enough, my weird emigration plan worked eventually and I did spend a large part of my adult life working in tropical developing countries, in Asia, Africa and Latin America.
What did you contribute to these countries? At the risk of sounding grandiose, I think that I was able to contribute to the empowerment of fi sheries scientists in many tropical developing countries. I did this mainly by adapting the approaches and software devised for studying fi sheries in coldwater countries, where exploited fi sh species are few and where the age of individual fi sh can be readily estimated, for use in the tropics, where a multitude of species are exploited whose age and thus growth could not be estimated.
